To understand the manner in which the mlaternal tissues react to the stimulus of the engrafted ovum, a clear conception of the minute structural features of the uterine mucosa, especially of the vessels and the interglandular connective tissue or stroma, is essential. In the resting state the stroma consists of a mass of cells densely packed together and intimately united with their neighbours by means of protoplasmnic strands. This description is the one found in the textbooks. The blood-vessels, with which the mucosa is especially richly supplied, have a flattened intima, and, in vessels thicker than capillaries, a varying number of layers of concentrically arranged supporting elements.
STRUCTURE OF THE UTERINE MUCOSA AND THE CAUSE OF THE
OPENING-UP OF THE VESSELS DURING MENSTRUATION.
To understand the manner in which the mlaternal tissues react to the stimulus of the engrafted ovum, a clear conception of the minute structural features of the uterine mucosa, especially of the vessels and the interglandular connective tissue or stroma, is essential. In the resting state the stroma consists of a mass of cells densely packed together and intimately united with their neighbours by means of protoplasmnic strands. This description is the one found in the textbooks. The blood-vessels, with which the mucosa is especially richly supplied, have a flattened intima, and, in vessels thicker than capillaries, a varying number of layers of concentrically arranged supporting elements.
But this description is incomplete; a more intimate acquaintance with the finer structure is necessary. As I have elsewhere shown, this is obtained by a study of the changes which occur in menstruation. In the premenstrual phase the mucosa is thickened chiefly by a free cedematous escape into the stroma, the cells of which are spread apart. There is also sonme blood-escape in the proximity of the vessels, which are often markedly expanded. As usually described this fluidand blood-escape is dependent upon the fact that before and during menstruation there occurs a congestion of the uterine vessels, an increase in the intravascular pressure, and a mechanical squeezing of the blood fluid and cells out of the vessels by a process of diapedesis or subsequent to a rupture of the vessel wall. This explanation has for long been accepted. A careful scrutiny of the microscopic changes reveals its insufficiency. I have already published a preliminary account of this part of my investigations.' ' Proceedings of the British Medical Association, 78th Annual Meeting, London, Brit. Med. Tourn., 1910 , ii, p. 1214 In the plates which I show representing vessels in the menstruating mucosa remarkable changes are seen ( fig. 1 ). There is a swelling up of the intimal elements by the accumulation of a clear fluid in their interior, and a displacement of the nuclei and cell substance to the periphery. These changes are always found in a greater or less degree in any condition associated with an escape of the vessel contents, and always in the premenstrual and menstrual states. They are more marked in the vessels which I show first, where there is a thickening of the walls and a forcing into prominence of the changes because of the resistance offered to the fluid-escape. After excluding the possibility of a fatty degeneration or of post-mortem and other irrelevant changes, it is clear that they are associated in some way or other with the fluidescape. It is seen that there has occurred all along the inner aspect of the vessel wall an active imbibition of the blood fluid, and these appearances, I believe, provide an index of the manner in which the oedema occurs, which characterizes the mucosa in the premenstrual and the menstrual phases. This belief is confirmed by a careful examination of the microscopic changes in the normal mucosa. My specimens are for the most part obtained by curettage, and their preservation is excellent.
In this section of the mucosa, which I throw on the screen, the appearances are well shown (similar appearances are seen on the coloured plate). We see that the stroma, which under ordinary circumstances consists of fairly well defined cells united with their neighbours by means of comparatively simple protoplasmic processes, has become completely altered. The nuclei are spread apart, and the protoplasm is beset with a vast multitude of rounded clear spaces of varying sizes, each separated from their neighbours by a complete sheet of protoplasm. The perinuclear portions of protoplasm are equally involved, and the condition is associated with a marked swelling of the originally small cell. The change has led to the breaking up of the protoplasm into fine films, which are sometimes only just recognizable with the highest magnification. At first sight the appearance is somewhat like a fine network formed by interlacing fibrils, and this has hitherto been the interpretation given. We now know, however, in view of the observations I have recorded, that this is an erroneous description. This so-called network, which appears under such conditions, is an index of the functional changes for which the stroma is so perfectly adapted. The fine protoplasmic processes are not filaments, but films, which completely enclose the fluid spaces. I have pointed out that the communications between the adjacent cells in the resting state are also complete protoplasmic sheets.' They correspond to the films separating the clear spaces in the intimal cells seen in fig. 1 .
The changes are amenable to one explanation and to one only, that there has been a widespread imbibition of fluid from the blood-vessels in response to some change in the stroma. What is the nature of this change? It has been shown within recent times, chiefly on experimental grounds, that to explain an cedematous escape it is-often neces-
Menstruation.-Vessel in mucosa showing marked imbibition by intima. Note bulging of cells into lumen. At one place wall teased out by the fluid and a red cell is escaping. Surrounding tissues cedematous. sary to recognize the existence of an alteration in the tissue colloids, which enhances their affinity for fluid, and this I believe is what is occurring in the stroma in response to the stimulus of the substance (probably ovarian) which is responsible for the menstrual changes. The intimate chemical changes time will not permit me to touch upon.
The changes which I have described enable us to see the stroma in a new light. During these processes any cellular distinctions previously present become levelled and the tissue is seen to consist of a uniform protoplasmic mass. It has for long been recognized that, in connexion with menstruation, the uterine mucosa is markedly soft and pulp-like (Moricke, &c.) , and the ease with which the displacement of the tissue occurs is clearly dependent on this consistence. The soft, mobile nature of the stroma protoplasm explains at once the manner in which the vessel walls are teased out and the ease with which the surrounding stroma is displaced. That the stroma consists of a spread-out and undifferentiated connective tissue is confirmed by the discovery that into its composition there does not enter any specialized form of tissue. Except in the very deepest levels there is a complete absence of elastic, ordinary fibrous and muscular tissue in the stroma and its blood-vessels. These points I have elsewhere referred to and I have shown that, for some reason, the vessels, which enter the mucosa from the muscular coat, thr6wv off their supporting coats almost as soon as the stroma is reached. This peculiar structural feature must have a bearing on the functional changes which occur during menstruation and pregnancy.
How does the blood-escape occur? There can be little doubt that it is determined by the same factors as lead to the fluid-escape. It is easy to understand how, after the fluid opening out of the vessels and stroma the more solid elements escape, and this they do in response to the stroma alterations that tend to drag the fluid into more and more distant levels of the stroma to satisfy the increased affinity for fluid. These observations show that throughout its entire extent the stroma is a potential blood sponge.
MODE OF ACTION OF THE CHORIONIC EPITHELIUM.
Before passing on to describe the bearing of these observations on any attempt to explain the changes in the pregnant mucosa, I intend to show some slides to bring out the mode of action of the chorionic cells on the maternal tissues. An understanding of this action, taken in conjunction with the special structural features of the mucosa as revealed in the menstrual changes, will be found to provide a clue to many of the secrets hitherto wrapped in mystery. In the first place it would seem unlikely that a special adaptability, by which at any part of its surface the vessels and stroma can open out, resulting in a flushing of the mucosa with blood, should be overlooked, and, as the orthodox conception demuands, that the developing ovum should obtain its blood supply by an entirely different process. The mode of action of the chorionic epithelium is easily studied in the maternal tissues which are the seat of an abnormal fwetal invasion-e.g., the pregnant tube, chorionepithelioma, &c.
In the jpregnant tube there is present a marked degenerative softening. This is most marked in the proximity of the chorionic elements, where the disintegrative process often culminates in a wholesale solution of tissue. But it is also present at a long distance froin the actual site of the foetal cells. One of the most prominent changes, in addition, is a widespread cedematous and haemorrhagic escape from the vessels throughout the tubal wall, which again, though most evident near the ovum, is always distinct at a considerable distance.
The orthodox description of the changes implies that the bloodescape, which occurs into the intervillous space, and the more distant cedema and haemorrhage, are due to different processes. The former -i.e., the immediate cause of the opening-out of the mother's vesselsis, according to the ordinary conception, determined by a direct erosion and destruction of the vessel walls which the chorionic cells encounter in their growth. This allows of a mechanical liberation of the contained blood. That this is not so, and that the blood-escape in this condition is not dependent on two different processes, is suggested by the fact that, as the sections of the tube wall are traced towards the ovum, the blood and fluid leakage, which at the most distant levels are poorly marked, become progressively more and more evident until at the intervillous space there occurs the excessive opening-out of the vessel walls.
What is the cause of the more distant cedema and hemorrhage ?
I throw on the screen a small vessel at a distance from the chorion ( fig. 2 ). We see that its wall, which has been transformed into a homogeneous degenerating substance, is being teased out by the formation of clear cedematous spaces. These are present in and under the endothelium, which is often bulged towards the lumen. As in the menstrual mucosa, this appearance is dependent on an imbibition of the blood fluid. These changes have at one part led to an almost complete opening-out of the vessel wall. In the next slide this has occurred, and the red cells are seen to be escaping. In this section ( fig. 3 ) changes in the connective tissue elements similar to those exhibited by the intima-namely, an active fluid imbibition-have occurred. It is easy to show that throughout the entire extent of the tubal wall there are occurring protoplasmic changes which lead to an increase in the affinity for fluid of the tissues. These changes explain the widespread oedema which is dependent on active dragging of the blood fluid into the tissues, and they explain the teasing apart of the vascular walls and the blood-escape. These changes, I believe, explain the gaping of the vessels in the neighbourhood of the ovum and the appearance which is invariably noticed-namely, that the blood cells are streaming across the spaces intervening between the vessels and the intervillous space, and this where there are no cells in the least resembling foetal cells.
In connexion with this I wish just to touch on another point. In the menstrual mucosa it is often easy to demonstrate that the expansion Tubal Pregnancy.-Portion of tubal wall at long distance from chorionic elements, showing changes in intimal and connective tissue cells and the mode of expansion of the blood sinuses. Note the marked fluid imbibition bv the cells, leading to the formation of intracellular fluid spaces, rounded, oval, or elongate on section. To the left side of the sinus the mode of expansion is seeni; the displacement or disappearance of the fine protoplasmic films results in a carrying out of the lumen. The mode of formation of the new capillaries is also indicated.
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of the vessels is dependent on exactly the same process as determines the blood-escape; the opening-out of the wall is due to an imbibition of the fluid followed by a displacement. In the pregnant tube the same factor, I believe, explains the sinus formation which occurs to such a marked degree. At this part we see the change in action (see fig. 3 ). It is interesting to note that in the process of expansion the connective tissue elements are embraced as a new intima. Here we see a swollen intimal cell in relation to a connective tissue cell. The disappearance of this fine film carries the lumen a corresponding degree outwards. In fig. 3 also, appearances are shown which suggest that the new capillary formation which occurs in the pregnant tube is due to exactly the same factors as determiine the general fluid-and blood-escape. Here, however, the blood is being drawn along definite channels formed by an amalgamation of the intracellular fluid spaces, which are well shown. I refer to these changes because of their importance in connexion with the pregnant mucosa.
The same changes are revealed by a study of chorionepitheliomna.
Here, again, there are the same necrotic changes in the maternal tissues which, though most evident at the point of contact of the chorionic elements, are still present at a long distance. The same is true of the cedema and hamorrhage. In this plate is shown in the upper part a mass of chorionic cells. At a little distance fromn this there is a free haemorrhagic escape from a fine vessel. This is occurring through an apparently intact wall and certainly before the chorionic bud has reached it. The tissues are cedematous and in the vessel, in the lower part, is seen -the process which, I believe, dominates the mechanism of the fluidand blood-escape. The wall is swollen up to many times its wonted size, especially on the inner aspect. This is clea-rly due to a fluid imbibition. In the fine vessels the dragging of the fluid into the surrounding tissues in response to this change soon carries out the blood. This can occur in the thicker vessels only after their walls are teased out. But a careful study of the changes reveals without doubt that a direct infiltration of the chorion is unnecessary. In fact, so far is it from being true to state that the blood can escape only after the vessel walls are destroyed by the foetal cells, that the converse is the case. The foetal elements can often be seen growing in the direction of a vessel, from which the contents are already freely leaking. That the muscular elements share in the protoplasmic alterations that enhance the affinity of the colloids for fluid is shown in many places, where there is the same fluid imbibition by the degenerating EXPLANATION OF PLATE.
Early Ovqumt. -Section through the mucosa in the immediate proximity of the ovum (x 1,000). Above is seen the blood cavity bounded by the necrotic lamina. A degenerating cell (maternal) is seen. Note especially the changes in the stroma lprotoplasm. The " cells" have become swollen, some in a truly decidual fashion. The preponderating change, however, is seen to be a displacement of the protoplasm by the formation of an immense number of clear spaces of greatly differing sizes. The p)erinuclear protoplasm is involved in the process which is due to a widespread imbibition of fluid. Into the spaces formed red cells have passed. Between the "cells" there is the so-called network, which is seen to consist in reality of the fine protoplasmic films separating the fluid chambers. Scattered about degenerating stroma cells are seen. Similar changes are present during menstruation (see p. 292).
Obstetrical and Gynaecological Section. fibres, which in the process swell to many times their original size. In the case of the muscle, however, there is a speedy breaking-up and solution of the cell substance. This is comparatively rare in the intimal and connective tissue cells.
A study of the pregnant tube and the chorionepitheliomatous uterus, then, has shown that there is induced by the presence of the chorionic elements a widespread alteration in the tissues which leads to an active dragging out of the blood fluid and cells from the vessels. It is this change which leads to a flushing of the fetal surface with the requisite maternal blood. It has for long been recognized that the changes in the pregnant tube, &c., all point to the existence of some bio-chemical materials or ferments, which are elaborated by the chorionic elements, and which spread into further and further levels of the maternal tissues. All the facts indicate that the changes which I have noted are caused by this secretion. A convincing proof is furnished by the extraordinary degeneration and solution of the maternal tissues which occur at the point of the chorionic contact, and by the fact that these changes spread into the surrounding tissues in ever-widening circles.
CAUSE OF THE MUCOSA CHANGES IN NORMAL PREGNANCY.
In the pregnant mucosa the blood-escape is due to exactly the same cause. Fig. 4 is a low-power section of a very young ovum, which I have recently obtained.' We see the irregular blastocyst with rudiinentary villi ly'ing in a cavity surrounded by maternal blood. The marginal lamella of the decidua is markedly necrotic. The maternal tissues are infiltrated with fluid and blood and this at a long distance from the ovumn. The coloured drawing (see Plate) is a high-power section of a part of the decidua taken from the neighbourhood of the blood cavity. In it we see the deeply staining necrotic lamina, and we see remarkable changes in the enlarged stroma cells, changes similar to those present in the menstrual mucosa, and the cellular elements of the pregnant tube, &c. We see the fluid imbibition by the stroma elements as evidenced by the appearance of the clear spaces surrounded by the displaced protoplasm, and here, again, we have the appearance of the so-called network, the significance of which I have already noted. The same changes are seen in this section taken from the decidua, at I I shall publish shortly a full description of this ovum, incorporating an expanded account of the menstrual changes and the action of the chorionic cells. some distance fromn the ovum, in another young specimen which I have had the opportunity of studying through the kindness of Dr. Teacher, of Glasgow. We note the intimal and stroiima changes, to which I have already referred. Here we also see appearances which suggest the formation of new capillary vessels, which I believe are formed in the pregnant mucosa in exactly the same fashion as I have described in the pregnant tube.
It is well known that round the young ovum one of the nlost remarkable changes in the mucosa is seen in the production of " distended capillaries " or sinuses formed by one layer of cells. These sonletinmes attain enormous proportions. They are found in all the young humian ova, and they are an almost invariable condition in the lower aninials.
In view of what I have said, it is likely that they are formed, not by a mechanical expansion as the result of increased intravascular pressure, but in response to the tissue changes which lead to the cedema and which, throughout the stroma, are responsible for the increasing displacement of the soft protoplasm (cf. pregnant tube, menstrual mucosa). I believe, also, that the imlplantation chamber is formed in a similar manner.
FUNCTION OF THE DECIDUA.
If the preceding part of this thesis be proven, I have shown that the chorionic cells are concerned in the elaboration of a chemical substance, or substances, which spread into the nmaternal tissues and lead to the changes which result in the flushing of the foetal surface with maternal blood fluid and cells. This escapes from the vessels, not mechanically, but is, as it were, actively drawn through the tissues towards the ovum. This chorionic substance, whilst exerting 'its most potent influence on the immediate maternal tissues, is continually spreading into more and mnore remote regions. This is seen in the pregnant tube and the chorionepitheliomatous uterus, where the maternal tissues are disintegrating and are ploughed up by oedema and blood and by the expanding blood sinuses. These changes are always marked at a considerable distance from the chorionic elements. In this plate I show a section of a vessel at a long distance from the ovum-this was situated in the ampulla, whilst the section of the vessel is at the inner end of the tube. We see the cedematous teasing apart of the supporting elements, which has so opened out the wall as to allow of a free haemorrhagic escape. This is a change which is never found except in pregnancy, and it is amenable to one explanation, and to one only, namely, that the chorionic material has so altered the tissue constitution as to lead to the marked changes present. In these slides (figs. 5 and 6) I show sections of the pregnant tube at some distance from the chorionic elements. They are intended to bring out what I believe is the function of the decidua. We see the marked tearing up of the muscular coat by cedema, and, in places, by haemorrhage. In the mucosa, the folds of which are turgid by a decidual change in the cells, we note a complete absence of this change. The decidual alteration has prevented it. In this slide we see the close 4 ..
FIG. 5.
Pregnant Tube.-Transverse section of inner end of tube, in ampulla of which a two months' pregnancy had developed. Note the cedematous tearing-up of the muscular coats. To the right side and above there is a large track of haemorrhage. The mucous folds are turgid with decidual cells. This is the only region of the tube where the cedema and heemorrhage are absent. packing of the cells and an absence of a fluid-and blood-escape.
( fig. 7 ).
I believe that these observations provide us with a clue to the function of the uterine decidua.
In the preceding part of this demonstration I have shown
(1) That the uterine mucosa is so specially adapted by the:-finely adjusted constitution of its stroma as to allow of an immediate openingout of the vessels and surrounding tissues, and a plentiful flushing of any part of its surface with fluid and blood. This is determined by an alteration in the protoplasm with an increased affinity for water. These changes I have described in menstruation.
(2) That the chorionic epithelium is endowed with the faculty of elaborating a secretion which is intended to act on the maternal tissues in such a way as to lead to these changes.
I have shown that these changes are, in the abnormal regions of chorionic activity, widespread. There is no attempt at a localization except in the decidually altered mucosa. Note again the opening-out of the muscular coats and the marked cedema round the vessels in the lower part. The mucous rugae are swolleni with decidual cells. Here there is an absence of the cedema, and an appearance resembling the decidua compacta and spongiosa of the uterus. The outer open tissue corresponds to the spongy layer, the inner more densely packed portions of tlle folds to the compacta. The indentations on the blood-clot present in the lumen suggest that before hardening the closely packed folds corresponded even m-nore to the uterine compacta.
A study of the young ovum-e.g., that of Peters, Teacher and Bryce, and that which I have referred to-reveals the existence of similar maternal changes. There is an excessive opening-out of the vessels and a wholesale displacement of the stroma by fluid and blood, and by the expanding sinuses. Here, again, the changes are evident, even at a considerable distance from the ovum. In the older decidua on the other hand, these changes, as is well known, are localized to the region where they are necessary.
In view of these considerations, I would venture to assert that we are provided with a definite explanation of the decidua. Were it not for the alteration in the stroma elements during pregnancy, the uterine mucosa would, in response to the ever-widening spread of the extrachorionic influence, be torn up by the cedema, blood, and increasing sinuses. Once the decidual change is definitely established, these changes are localized and inhibited. In view of the special structural feature of the stroma (c.f., menstruation) we can now understand the reason and the necessity for the decidual change occurring throughout the entire extent of the mucosa from fundus to internal os. In this C~~~~~F IG. 7. Pregnant Tube.-Mucous folds distended with decidual cells. Note the absence of cedema and hb3morrhage, and the fact that even the fine vessels present are well supported. ' way only we can account for the decidua vera. Moreover, it is the existence of maternal blood at any part which allows of a chorionic increase. By preventing the fluidand blood-escape, the decidua serotina and the decidua reflexa prevent an excessive increase in the implantation cavity, and an uncontrolled outward growth of the chorionic elements. By this means the chorionic increase is localized to the intervillous space. This interpretation amply accounts for the absence of an excessive chorionic invasion by the chorionic elements. Any other action-e.g., a specific antagonism to the chorionic cells-is, in view of what I have said, unnecessary.
For much of the material employed in the investigations I am indebted to Dr. Haig Ferguson. For the early ovum I have to thank Dr. James Ritchie, Superintendent of the Laboratory of the Royal College of Physicians, Edinburgh, in which a large part of the investigation was carried out.
The PRESIDENT said that at that late hour there was not time to discuss, even if any present were prepared to do so, the conclusions arrived at by Dr. Young, which he had so fully reasoned out in the brilliant demonstration which he had given them. The thanks of the Section were certainly due to him for affording them an opportunity of seeing the beautifully prepared specimens with which he had illustrated his remarks. These would appear in full in the Proceedings, and the Fellows would have a better opportunity of studying the arguments which had been advanced. The labour and research required for such a demonstration were considerable. Dr. Young came from an old historic school, famed for its obstetrical research, and he might rest assured that he carried back with him the appreciation of the Fellows.
